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(57) ABSTRACT 

A character recognition device to recognize characters in a 
text image read by an image scanner having a ?rst recog 
nition device to recognize the characters in the text image 
using a ?rst character recognition method and a second 
recognition device to recognize the characters in the text 
image using a second character recognition method different 
from the ?rst character recognition method. An extraction 
device extracts locations of recognized characters in the text 
image Wherein the recognition results of the ?rst recognition 
device do not coincide With the recognition results of the 
second recognition device. An output device outputs char 
acter recognition results designating the non-coinciding 
locations extracted by the extraction device. 

10 Claims, 11 Drawing Sheets 
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CHARACTER RECOGNITION DEVICE AND 
METHOD FOR DETECTING ERRONEOUSLY 
READ CHARACTERS, AND COMPUTER 
READABLE MEDIUM TO IMPLEMENT 

CHARACTER RECOGNITION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims priority of 
Japanese Patent Application No. 11-261968, ?led Sep. 16, 
1999, the contents being incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a device for and a method 

of recognizing characters in text images read by an image 
scanner, and to a computer readable medium encoded With 
processing instructions to implement a character recognition 
method. More particularly, the present invention relates to a 
character recognition device, a method of character recog 
nition and a computer readable medium encoded With pro 
cessing instructions to implement a character recognition 
method Which alloW a user to ef?ciently determine errone 
ously read characters in the character recognition results. 

2. Description of the Related Art 
There is currently a need for electronic recognition and 

storage of text to make the Work How in of?ces more 
ef?cient. To perform the electronic recognition and storage 
of the text, the text is read by an image scanner to convert 
the text to an electronic form, character recognition is 
performed and erroneously read characters are revised 
through manual input. 

HoWever, there is currently no technology available that 
enables character recognition devices to perform completely 
error-free character recognition. As a result, a cumbersome 
process is required to detect the erroneously read characters 
When conventional character recognition operations are car 
ried out. Speci?cally, text that is to be electronically pro 
cessed is read With an image scanner, character recognition 
is performed, erroneously read characters are detected 
manually, and the text is then further processed electroni 
cally by manually inputting revisions to the erroneously read 
characters. The user detects the erroneously read characters 
by comparing the text that is to be electronically processed 
With the text recognition results that have been processed by 
the character recognition device. 

There is currently no support technology available in the 
prior art to ensure that the types of operations described 
above to detect erroneously read characters can be carried 
out ef?ciently. 
A conventional character recognition device uses a 

method With the highest possible degree of character rec 
ognition accuracy When text that is to be electronically 
processed is read With an image scanner, character recog 
nition is performed and the text is electronically processed 
by revising the erroneously read characters using manual 
input. 

Japanese Unexamined Patent Publication No. H7-114620 
discloses a character recognition device Which performs 
character recognition With a high recognition rate. More 
particularly, Japanese Unexamined Patent Publication No. 
H7-114620 discloses a character recognition device and 
method Wherein handWritten characters input using a stylus 
pen or the like are recogniZed using multiple character 
recognition programs respectively using different recogni 
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2 
tion methods. The characters having the highest evaluation 
value out of those characters recogniZed by the character 
recognition program are determined to be “recognized char 
acters”. The multiple recognition character candidates are 
determined in the order of highest evaluation value and 
passed on to an application program. 

In accordance With the conventional character recognition 
device, When text that is not electronically processed is read 
by an image scanner and character recognition of the text is 
performed, the user then detects the erroneously read char 
acters by comparing the text prior to electronic processing 
With the recognition results after electronic processing, and 
the text is then electronically processed by revising the 
erroneously read characters. 

HoWever, the above-described conventional character 
recognition technology results in problems in that the opera 
tions required are extremely burdensome. In particular, the 
user has to search for the erroneously read characters by 
visually comparing each character of the text to be elec 
tronically processed With each character of the text recog 
nition results recogniZed by the character recognition 
device. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
character recognition device and method Which overcomes 
the above-described problems of the conventional character 
recognition devices. 

It is another object of the present invention to provide a 
character recognition device and method of character rec 
ognition for processing text images read by an image 
scanner Which recogniZes characters in a text image in a 
manner that a user can ef?ciently determine erroneously 
read characters in the character recognition results using a 
plurality of character recognition devices or methods. 

It is another object of the present invention to provide a 
computer readable storage medium encoded With processing 
instructions to implement a character recognition method for 
recogniZing characters in a text image. 

Objects and advantages of the present invention are 
achieved With a character recognition device to recogniZe 
characters in a text image read by an image scanner, com 
prising a multiple recognition device to separately perform 
character recognition of the text image using respective 
recognition methods; an extraction device to extract loca 
tions of non-coinciding results in the characters recogniZed 
by the respective recognition methods; and an output device 
to designate the non-coinciding locations extracted by the 
extraction device and to output character recognition results 
for the text image. 

Objects and advantages of the present invention are 
achieved in accordance With embodiments of the present 
invention With a character recognition device to recogniZe 
characters in a text image read by an image scanner, com 
prising a ?rst recognition device to recogniZe the characters 
in the text image using a ?rst character recognition method; 
a second recognition device to recogniZe the characters in 
the text image using a second character recognition method 
different from the ?rst character recognition method; an 
extraction device to extract locations of recogniZed charac 
ters in the text image Wherein the recognition results of the 
?rst recognition device do not coincide With the recognition 
results of the second recognition device; and an output 
device to output character recognition results designating the 
non-coinciding locations extracted by the extraction device. 



US 7,133,556 B1 
3 

In accordance With the present invention, the output 
device contrasts the text image and the character recognition 
results. 

In accordance With the present invention, the character 
recognition device further comprises a display device having 
a display screen to display character recognition results, 
Wherein the output device contrasts the text image and the 
character recognition results While displaying the character 
recognition results on the display screen, and displays a 
cursor in a display area of the character recognition results 
While displaying the text image in a format that designates 
the location of the text image coordinated at the position of 
the cursor. 

In accordance With the present invention, the output 
device outputs a symbol or a blank to display locations of 
character recognition results that do not coincide instead of 
the recognized characters. 

In accordance With the present invention, the output 
device outputs the recognized characters With a high evalu 
ation value for the non-coinciding locations that have the 
same number of recognized characters in an output format 
that is different from the output format of the non-coinciding 
locations. 

In accordance With the present invention, the output 
device outputs the recognized characters of the non-coin 
ciding locations selected using the prescribed standards for 
the non-coincident locations With a different number of 
recognized characters in a format that is different from the 
output format for the non-coinciding locations. 

In accordance With the present invention, the output 
device outputs in a format indicating that the recognition 
results coincide but have a 10W recognition reliability. 

Objects and advantages of the present invention are 
achieved in accordance With embodiments of the present 
invention With a character recognition method to recognize 
characters in a text image read by an image scanner, com 
prising recognizing the characters in the text image using a 
?rst recognition method; recognizing the characters in the 
text image using a second recognition method different from 
the ?rst recognition method; extracting non-coinciding loca 
tions in the recognition results of the character recognition 
using the ?rst recognition method and the recognition results 
of the character recognition using the second recognition 
method; and designating the extracted non-coinciding loca 
tions and outputting the character recognition results of the 
characters in the text image. 

Objects and advantages of the present invention are 
achieved in accordance With embodiments of the present 
invention With a computer readable medium encoded With 
processing instructions for implementing a character recog 
nition method of recognizing characters in text images read 
by an image scanner, the character recognition method 
comprising recognizing characters in the text image using a 
?rst recognition method; recognizing characters in the text 
image using a second recognition method different from the 
?rst recognition method; extracting non-coinciding loca 
tions in the recognition results of the recognition using the 
?rst recognition method and the recognition results of the 
recognition using the second recognition method; and des 
ignating extracted non-coinciding locations and outputting 
the recognition results of the characters in the text images. 

In accordance With the present invention, the recognition 
results are output to a computer. 

These together With other objects and advantages Which 
Will be subsequently apparent, reside in the details of 
construction and operation as more fully hereinafter 
described and claimed, reference being had to the accom 
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4 
panying draWings forming a part hereof, Wherein like 
numerals refer to like parts throughout. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects and advantages of the present 
invention Will become apparent and more readily appreci 
ated from the folloWing description of the preferred embodi 
ments, taken in conjunction With the accompanying draW 
ings, of Which: 

FIG. 1 is a block diagram of a character recognition 
device in accordance With embodiments of the present 
invention. 

FIG. 2 is a block diagram of a character recognition 
device in accordance With embodiments of the present 
invention. 

FIG. 3 is a How chart of an operational process for 
performing character recognition in accordance With 
embodiments of the present invention. 

FIG. 4 is a How chart of an operational process for 
performing extraction of non-coinciding characters in accor 
dance With embodiments of the present invention. 

FIG. 5 is a How chart of an operational process for 
performing extraction of non-coinciding characters in accor 
dance With embodiments of the present invention. 

FIG. 6 is a How chart of an operational process for 
outputting recognition results in accordance With embodi 
ments of the present invention. 

FIGS. 7A and 7B are explanatory diagrams for the opera 
tion of the recognition program in accordance With embodi 
ments of the present invention. 

FIG. 8 is an explanatory diagram for the operation of the 
extraction program in accordance With embodiments of the 
present invention. 

FIG. 9 is an explanatory diagram for the operation of the 
extraction program in accordance With embodiments of the 
present invention. 

FIG. 10 is an explanatory diagram for the operation of the 
output program in accordance With embodiments of the 
present invention. 

FIG. 11 is an explanatory diagram for the operation of the 
output program in accordance With embodiments of the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Reference Will noW be made to the present preferred 
embodiments of the invention, examples of Which are illus 
trated in the accompanying draWings, Wherein like reference 
numerals refer to like elements throughout. 

FIG. 1 is a block diagram of a character recognition 
device in accordance With embodiments of the present 
invention. As shoWn in FIG. 1, a character recognition 
device 1 receives the output of an image scanner 2, and a 
display 3 displays an output of the character recognition 
device 1. 
The character recognition device 1 includes an input 

device 10, an input ?le 11, a ?rst recognition device 12, a 
?rst recognition glossary 13, a ?rst recognition results ?le 
14, a second recognition device 15, a second recognition 
glossary 16, a second recognition results ?le 17, an extrac 
tion device 18, an output ?le 19 and an output device 20. 
The text images read by the image scanner 2 are input to 

the input device 10. The input ?le 11 stores the text images 
Which are input by the input device 10 as, for example, 
binary text images. 



US 7,133,556 B1 
5 

The ?rst recognition device 12 recognizes characters in 
the text images that are input by the input device 10 
according to a prescribed recognition method. The ?rst 
recognition glossary 13 controls the glossary data required 
for the recognition processing performed by the ?rst recog 
nition device 12. The ?rst recognition results ?le 14 stores 
the recognition results of the ?rst recognition device 12. 

The second recognition device 15 recogniZes the charac 
ters in the text images that are input by the input device 10 
according to another recognition method different from the 
recognition method used by the ?rst recognition device 12. 
The second recognition glossary 16 controls the glossary 
data required for the recognition processing performed by 
the second recognition device 15. The second recognition 
results ?le 17 stores the recognition results of the second 
recognition device 15. 

The extraction device 18 extracts the non-coinciding 
locations in the recognition results of the ?rst recognition 
device 12 and the recognition results of the second recog 
nition device 15. 

The output ?le 19 records the non-coinciding locations 
that are extracted by the extraction device 18 While storing 
the recognition results of the ?rst and second recognition 
devices 12 and 15. The output device 20 designates the 
non-coinciding locations extracted by the extraction device 
18, While outputting the recognition results for the charac 
ters in the text images that have been input by the input 
device 10. 

In accordance With embodiments of the present invention, 
the operation of the character recognition device 1 is pref 
erably controlled by a character recognition program, a 
circuit, or the like. For example, a character recognition 
program is stored in a computer readable medium encoded 
With processing instructions for implementing character 
recognition. For example, the program may be stored on a 
?oppy disk or the like, on a server, or other types of disks, 
and is installed in memory in the character recognition 
device 1. 

In operation of the character recognition device in accor 
dance With embodiments of the present invention, the ?rst 
recognition device 12 recogniZes the characters in the text 
images that are input by the input device 10 according to a 
?rst prescribed type of character recognition method. The 
second recognition device 15 recogniZes the characters in 
the text images input by the input device 10 using a second 
character recognition method different from the recognition 
method used by the ?rst recognition 12. 

The extraction device 18 receives the recognition results 
and extracts the non-coinciding locations in the recognition 
results of the ?rst recognition device 12 and the recognition 
results of the second recognition device 15. The extraction 
results are received and the output device 20 designates the 
non-coinciding locations that are extracted by the extraction 
device 18. At the same time, the recognition results of the 
characters in the text images input by the input device 10 are 
output. 

In accordance With embodiments of the present invention, 
the output device 20 contrasts the input text images and the 
recognition results, and outputs the recognition results by 
displaying the recognition results on the display screen 3. 
Furthermore, a cursor is displayed on the display area of the 
recognition results such that the text images are displayed in 
a format that clearly indicates the location of the text images 
coordinated to the cursor position. 

Moreover, in accordance With embodiments of the present 
invention, the output device 20 provides an output in a 
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6 
format that makes it possible to understand that While the 
recognition results do coincide, the reliability of the recog 
nition process itself is loW. 

Thus, in accordance With embodiments of the present 
invention, When recogniZing characters in the text images, 
the character recognition device 1 uses multiple recognition 
devices that respectively use different recognition methods 
for processing the text images read by the image scanner 2. 
The non-coinciding locations of the recognition results of 
the multiple recognition devices are extracted and the non 
coinciding locations are designated While at the same time, 
the character recognition results are output. In accordance 
With the present invention, the user can instantly see the 
erroneously read characters in the recognition results, thus 
making it possible to ef?ciently check such erroneously read 
characters. 
As shoWn in FIG. 2, a terminal 311 including a display, a 

mouse and other input devices, is used for communication 
With the user. An input program 1011 inputs text images read 
by the image scanner 2, in a manner similar to the input 
device 10 shoWn in FIG. 1. A ?rst recognition program 12a, 
a second recognition program 15a, an extraction program 
1811 and an output program 2011 operate in the same manner 
as the ?rst recognition device 12, the second recognition 
device 15, the extraction device 18, and the output device 
20, respectively, shoWn in FIG. 1. 

In accordance With embodiments of the present invention, 
the input program 10a, the ?rst recognition program 12a, the 
second recognition program 15a, the extraction program 1811 
and the output program 20a are installed via a ?oppy disk, 
a circuit or the like. 

In accordance With preferred embodiments of the present 
invention, the character recognition device 1 preferably 
processes text in the form of electronically printed charac 
ters, such as characters printed by a typeWriter or laser 
printer, and the text is read by the image scanner 2. Character 
recognition is performed by the ?rst recognition program 
1211 and the second recognition program 15a. The character 
recognition device 1 designates the locations Where the 
results of the tWo recognition programs 12a and 1511 do not 
coincide. At the same time, processing is performed so that 
the recognition results are displayed on the display screen of 
the terminal 3a, and electronic processing of the text that has 
not been electronically processed can be ef?ciently per 
formed. 
The ?rst recognition program 1211 and the second recog 

nition program 15a, Which control character recognition 
processing, respectively perform the character recognition 
according to different recognition algorithms. The respective 
recognition algorithms folloW the same pattern; hoWever, 
processing is performed so that the character recognition is 
executed according to the different recognition methods. 
Thus, character recognition is performed according to 
respective recognition methods that differ according to the 
speci?c protocols at the product packaging level. 
The ?rst recognition program 1211 references the ?rst 

recognition glossary 13, and the second recognition program 
1511 references the second recognition glossary 16. HoW 
ever, the ?rst recognition glossary 13 and the second rec 
ognition glossary 16 are used conjointly by using a recog 
nition method that uses the ?rst recognition program 1211 
and a recognition method that uses the second recognition 
program 15a. 

In accordance With embodiments of the present invention, 
various Well-knoWn recognition algorithms for printed char 
acters and characteristic extraction can be used, such as an 
expansion cell characteristic method, a Weighted direction 
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histogram method and an outer contour direction contribu 
tion characteristic method. Moreover, various Well-known 
methods for identi?cation processing can be used, such as 
the city block distance, Euclidean distance, linear identi? 
cation function, the partial space method, the KNN method 
and the base identi?cation method. 

In accordance With the present invention, When the char 
acter recognition device 1 processes the text printed in type, 
the ?rst recognition program 1211 and the second recognition 
program 1511 perform character recognition using separate 
recognition algorithms that are preferably selected from the 
above recognition algorithms. 

FIG. 3 is a How chart illustrating an operational process 
for performing character recognition by execution of the ?rst 
and second recognition programs 12a and 15a in accordance 
With embodiments of the invention. FIG. 4 and FIG. 5 are 
How charts illustrating an operational process for performing 
extraction of non-coinciding characters by execution of 
extraction program 1811 in accordance With embodiments of 
the present invention. FIG. 6 is a How chart illustrating an 
operational process for performing output of recognition 
results by execution of the output program 20a in accor 
dance With embodiments of the present invention. 
A detailed explanation of the operational process per 

formed by the character recognition device 1 by execution of 
the ?rst and second recognition programs 12a, 15a, extrac 
tion program 1811 and output program 2011 in accordance 
With the present invention Will noW be described beloW. In 
the description beloW, it is assumed that the text images to 
be processed that are input by the input program 1011 are 
typed or Written horizontally. 

The operational process performed by the ?rst and second 
recognition programs 12a and 1511 according to the How 
chart shoWn in FIG. 3 Will be described ?rst beloW. 
As shoWn in FIG. 3, When the ?rst and second recognition 

programs 12a and 1511 are assigned text images stored in the 
input ?le 11 and a processing request is issued, ?rstly, in step 
ST1, the text images to be processed are read out from the 
input ?le 11, the roWs of text images are converted to units 
according to a Well-known slicing algorithm, and the image 
data in the character areas are sliced from the text images 
read out. 
As shoWn in FIG. 7A, Which is an explanatory diagram of 

processing performed by a recognition program, the roWs 
i(i:l—i max) of the text image are converted into units 
corresponding to the horizontally Written text images, and 
the image data in the character areas are sliced from the text 
images. In accordance With the present invention, When the 
text images to be processed are Written vertically, the 
columns of text images are converted to units and the image 
data in the character areas are sliced from the text images. 
Further, When the input program 1011 reads the text images 
according to Whether the text images are Written horizontally 
or vertically, this information is obtained from the user, the 
application program, or the like. 

Next, in step ST2, the character areas for each of the 
characters in the text images are sliced from the image data 
in the roW units and the position in the image data is detected 
according to the Well-known slicing algorithm. 
As shoWn in FIG. 7B, the character areas of each of the 

characters de?ned in a square format are sliced from the 
image data in the character areas sliced for the roW units. For 
example, the position in the text image data for each of the 
character areas is detected by detecting the left upper rank 
ing position coordinate (xjl, yjl) and the right loWer ranking 
coordinate (xj2, YJ-Z) in the image data in each of the 
character areas. 
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8 
Next, in step ST3, the character codes for each of the 

character areas sliced in the above-described manner are 

recognized using a prescribed recognition method. At this 
time, the characters With a ?rst order evaluation value 
(similarity) are used as the recognition results (recognized 
characters). HoWever, the character codes are coordinated to 
the recognized characters and the prescribed number of 
characters With the high evaluation value are catalogued as 
recognition candidate characters. As described previously, 
the ?rst recognition program 1211 and the second recognition 
program 1511 execute character recognition using different 
recognition methods. 

Finally, in step ST4, recognition data are created using the 
image data position, a character code for the recognition 
characters and the recognition candidate characters linked to 
these, an evaluation value in the roW position for recognized 
characters and the recognition candidate characters linked to 
these, and character areas as counter data for each character 
recognition result. 

Thus, the recognition data created by the ?rst recognition 
program 1211 (roW position for each recognition character, 
image data position in the character areas, character code, 
evaluation value) are stored in the ?rst recognition results 
?les 14. The recognition data created by the second recog 
nition program 1511 (roW position for each of the recognized 
characters, image data position in the character areas, char 
acter code, evaluation value) are stored in the second rec 
ognition results ?le 17. 
The operational process for performing extraction of 

non-coinciding characters controlled by the extraction pro 
gram 18a, as shoWn in the How charts in FIGS. 4 and 5, Will 
noW be described beloW. 

Firstly, in step ST10, When the extraction program 1811 
operates to store recognition data in the ?rst and second 
recognition results ?les 14 and 17, the variable i indicating 
the roW number is initialized to “1”. 

Next, in step ST11, it is determined Whether or not the 
variable i exceeds a maximum value i max (shoWn in FIG. 
7A). When it is determined that the variable i does not 
exceed the maximum value i max, the operational process 
continues in step ST 12 Where the recognition data relating 
to roW i created by the ?rst recognition program 1211 is read, 
and, at the same time, recognition data relating to roW i 
created by the second recognition program 1511 is read. 
Further, at this point, no readout is necessary for the data 
related to the recognition candidate characters. 

Next, in step ST13, it is determined Whether or not there 
are any items for Which: [xjlqjl] from the list for the 
coordinate x].l (j:l~j max) that has a left upper ranking 
position coordinate (xjl, yjl) in each of the character areas 
read from the ?rst recognition results ?le 14 and from the list 
for the coordinate xjl' (j:l~j max') that has a left upper 
ranking coordinate (Xjl', yjl') in each of the character areas 
read from the second recognition results ?le 17. 
When it is decided that [xjlqjl'] is established for all of 

the coordinates xjl, xjl' in step ST13, the operational process 
continues in step ST14. More speci?cally, When it is deter 
mined that the number of recognition characters in roW i 
recognized by the ?rst recognition program 1211 is equal to 
the number of recognition characters in roW i recognized by 
the second recognition program 15a, the operational process 
proceeds to step ST14. The character position for the rec 
ognition characters that do not coincide is detected by 
determining Whether or not the recognized characters rec 
ognized by the ?rst recognition program 1211 and the rec 
ognized characters recognized by the second recognition 
program 1511 coincide. At the same time, the recognized 
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characters With the high evaluation value are set for pro 
cessing by comparing the evaluated values With tWo recog 
nized characters that do not coincide. 
As shoWn in FIG. 8, in accordance With the present 

invention, When a character recognized by the ?rst recog 
nition program 1211 and a character recognized by the second 
recognition program 1511 do not coincide, the recognized 
character having a higher evaluation value of the tWo 
recognized characters is set for processing. 

Next, in step ST15, the value of variable i is incremented, 
such that the next roW is processed, and the operational 
process returns to step ST11. 
When it is determined in step ST13 that [xjlqjl] has been 

established for all of the coordinates xjl, x].l the operational 
process continues in step ST16 (FIG. 5). More speci?cally, 
When it is determined that the number of recognized char 
acters in roW i recognized using the ?rst recognition pro 
gram 12a is not the same as the number of the recognized 
characters in roW i recognized by the second recognition 
program 1511, the operational process continues in step ST16 
(?oW chart shoWn in FIG. 5). HoWever, it may happen 
coincidentally that the respective numbers of recognized 
characters are not related due to a 1 relation. The tWo image 
data positions that contain the unequal image data positions 
are speci?ed (xjlqrjl is established at this image data posi 
tion). 

For example, the Chinese character “become” is errone 
ously read as tWo characters: the “i” and the “hi” in the 
Japanese katakana syllabary. The tWo characters consisting 
of the katakana “no” and the katakana “re” are erroneously 
read as one character “ru”. Therefore, it occurs that the 
number of recognized characters in roW i recognized by the 
?rst recognition program 1211 is not the same as the number 
of recognized characters in roW i recognized by the second 
recognition program 15a. 
As shoWn in FIG. 9, When the number of characters in a 

roW i recognized by the respective recognition programs 
12a, 15a is different, there are image data positions (CD in 
FIG. 9) for Which [Xjl:X]-l] is not established. Thus, tWo 
image data positions (@ and @ in FIG. 9) that comprise the 
image data position are speci?ed. [xjlqjl] is established at 
these tWo image data positions. 

Next, in step ST17, the recognized characters that are 
located betWeen the speci?ed image data positions are 
determined not to coincide and, at the same time, the 
recognized characters With a large number of characters are 
set to be displayed. For example, the ?rst recognition 
program 1211 recognizes the Japanese katakana syllabary 
characters “no” and “re” as characters Whose locations do 
not coincide. When the second recognition program 1511 has 
recognized these characters as “ru,” “no” and “re” are set for 
display. 

Alternatively, in accordance With embodiments of the 
present invention, the recognized characters With a large 
number of characters are not candidates for display, and a 
method may be adopted that sets the recognized characters 
With a small number of characters for display. For example, 
When the ?rst recognition program 1211 recognizes katakana 
characters “no” and “ru” as characters Whose locations do 
not coincide, and the second recognition program 1511 rec 
ognizes this as katakana character “ru,” a method may be 
adopted that sets “ru” for display. 

The size of a single character is also estimated from the 
list of coordinates [xjl, xjl] of the left upper ranking coor 
dinate in each of the character areas of roW i. The number of 
characters in the recognized characters Whose locations do 
not coincide is determined from the estimated size of the 
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10 
character. Based on this, a method may be used Wherein 
either the recognized characters Whose locations do not 
coincide but are recognized by the ?rst recognition program 
1211 or the recognized characters Whose locations do not 
coincide but are recognized by the second recognition 
program 1511 are selected and set for display. When this 
method is used, the processing is someWhat complicated; 
hoWever, characters With a high possibility of recognition, 
that is, the characters that are the least ambiguous, can be set 
for display. 

In any event, in step ST17, processing is performed 
Whereby either the recognized characters Who se locations do 
not coincide but are recognized by the ?rst recognition 
program 1211 or the recognized characters Whose locations 
do not coincide but are recognized by the second recognition 
program 1511 are selected and set for display. 

Next, in step ST18, the character positions for the recog 
nized characters that do not coincide are detected from the 
recognized characters With equal image data positions. At 
the same time, the evaluation values of the tWo recognized 
characters that do not coincide are compared, and the 
recognized characters With the higher evaluation value are 
set for display. 

In accordance With embodiments of the present invention, 
there are recognized characters coordinated to the same 
image data position for locations other than the non-coin 
ciding locations that Were detected in step ST16. As a result, 
the recognized characters are detected as coinciding or not 
coinciding. The recognized characters With a high evalua 
tion value are set for display for the recognized characters 
that do not coincide. 

Next, in step ST19, the value of variable i is incremented, 
Which sets the next roW for processing, the operational 
process returns to step ST11 and the processing in step ST11 
through step ST19 is repeated. 
When it is determined in step ST11 that the variable i 

exceeds the maximum value i max (shoWn in FIG. 7A) of the 
roW number, the operational process continues in step ST20 
of FIG. 4. The coinciding recognized characters Which are to 
be displayed, the extracted non-coinciding locations, the 
recognized characters to be displayed at the non-coinciding 
locations and the image data positions of the recognized 
characters to be displayed, and Which have been speci?ed by 
the above processing, are all stored in the output ?le 19. At 
the same time, the recognized characters in the non-coin 
ciding locations, as Well as the recognition candidate char 
acters and their evaluation value, are read. The read values 
are stored in the output ?le 19 and the extraction operational 
process is completed. 
The processing performed by the output program 20a Will 

noW be described beloW With reference to the How chart 
shoWn in FIG. 6. 
When the output program 20a is activated by storing the 

recognition results data stored in the output ?le 19 according 
to the processing by extraction program 18a, the image data 
for the text images to be displayed are ?rst read from the 
input ?le 11 in step ST31. Next, in step ST32, the image data 
read from the input ?le 11 are displayed in a WindoW on the 
left-hand side of the display screen in terminal 311. 

Continuing, in step ST33, the recognition results data for 
the text images to be displayed are read from the output ?le 
19. In step ST34, the recognized characters at the coinciding 
locations for the recognition results data read are speci?ed 
and the recognized characters With non-coinciding locations 
for Which the recognition results data have been speci?ed 
are displayed on a WindoW located on the right hand side of 
the display screen using different display formats. At the 
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same time, the cursor is displayed on the WindoW on the 
right hand side of the display. 

Next, in step ST35, the image data positions of the 
recognition characters indicated by the cursor are obtained 
according to the recognition results data read in step ST33. 
The position corresponding to a left-hand WindoW speci?ed 
by the image data position is designated clearly and the 
processing is completed. 

FIG. 10 illustrates an example of the display screen on 
Which the output of the output program 2011 is displayed in 
accordance With embodiments of the present invention. 
As shoWn in FIG. 10, the Chinese character “ki” [“oppor 

tunity”] Which is shoWn in (1) has different recognition 
results for the ?rst recognition program 1211 and the second 
recognition program 15a. Display is made by setting the 
Chinese character “ki” Which is to be displayed and Which 
is a recogniZed character With a high evaluation value 
according to the processing in step ST14 in the How chart 
shoWn in FIG. 4. 
The folloWing situation is supposed. The Chinese char 

acter “ka” [“become”] indicated in (2) has different recog 
nition results for the ?rst recognition program 1211 and the 
second recognition program 15a. The katakana characters 
“i” and “hi,” Which are recogniZed characters With a large 
number of characters are set for display according to the 
processing step ST17 of the How chart shoWn in FIG. 5. 

The folloWing situation is also supposed. When the cursor 
indicated by the [A] is displayed for the Chinese character 
“bun” [“Writing”], indicated in (3), the [A], indicating that it 
is a position in the image data denoted by the cursor, is 
displayed at a position that corresponds to the image data of 
the text image displayed on the WindoW on the left-hand 
side. 

Although not shoWn in the FIG. 10, output program 20a 
makes it possible to clearly display both the recogniZed 
characters Whose recognition results are the same in the ?rst 
recognition program 1211 and the second recognition pro 
gram 15a and the non-coinciding recogniZed characters 
displayed in (1) and (2) by using different display format 
With different colors and the like. It is also possible to use a 
con?guration that makes it possible to change the display 
format in order to indicate that these are both recogniZed 
characters indicated in (1) and erroneously read characters 
that have different types of recogniZed characters, Which are 
displayed in (2). 

In accordance With embodiments of the invention, the 
recogniZed characters displayed in (1) are erroneously read 
characters that coincide With respect to the number of 
characters in the roW using the ?rst recognition program 1211 
and the second recognition program 15a. The recogniZed 
characters indicated in (2) are recogniZed characters that 
have different numbers of characters inside the roW using the 
?rst recognition program 1211 and the second recognition 
program 1511. As a result, in accordance With the present 
invention, a con?guration can also be used Whereby it is 
possible to vary the display format for the recogniZed 
characters indicated in (1) and the recogniZed characters 
indicated in (2) so that this is clearly understandable. 

Thus, the output program 2011 operates as folloWs. When 
the user clicks on the recogniZed characters displayed in (1) 
and (2), the non-coinciding locations for the recogniZed 
characters, the recogniZed characters and the recognition 
candidate characters are sorted in ascending evaluation 
value order from the recogniZed characters and the recog 
nition candidate characters at the non-coinciding locations, 
and their evaluation values read from output ?le 19 and the 
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12 
recogniZed characters (recognition candidate characters) are 
processed so that they are successively displayed in sorted 
order. 

In the event that it is not possible to display the original 
characters, even in the selective processing using the above 
described type of display, processing as described beloW is 
performed. The output program 20a links up With an editor 
(not shoWn in the draWing), responds to the character input 
from the user and the erroneously read characters are sub 
stituted for the original characters. 

In the embodiment of the invention shoWn in FIG. 10, the 
output program 2011 displays one of the characters recog 
niZed for the locations that have different recognition results 
using the ?rst recognition program 1211 and the second 
recognition program 15a. HoWever, as shoWn in FIG. 11, a 
type of processing may be carried out Whereby symbols (or 
blanks) are clearly displayed instead of displaying the rec 
ogniZed characters. 
The present invention has been described above With 

respect to the embodiments shoWn in the draWings. HoW 
ever, the present invention is not limited to the embodiments 
described above and illustrated in the draWings, and various 
modi?cations are possible. 

For example, When the recognition results coincide but 
the evaluation value is loW for either one or both of the 
recognition results using the ?rst recognition program 1211 
and the second recognition program 1511, a determination is 
made Whether the reliability of the recognition characters in 
the recognition results is loW or not. Attention must be paid 
by the user since a display is made using the display format 
different from the recogniZed characters that have a high 
degree of reliability. 

Further, for example, the display may be used as an output 
device. HoWever, in accordance With the present invention, 
a printer or the like can be used as an output device. When 
output is made to a printer, the output can be made so that 
the non-coinciding characters are readily understandable by 
varying the style of the character, font or the like. 

Moreover, in accordance With embodiments of the present 
invention described above, a determination of Whether the 
characters recogniZed by the ?rst recognition program 1211 
and the second recognition program 1511 coincide or not can 
be made using the image data position of the recogniZed 
characters. HoWever, it is also possible to use another 
method that does not use the image data position for the 
recogniZed characters, such as determining Whether the 
recogniZed characters coincide by checking the list of the 
recogniZed character columns. 

In accordance With embodiments of the present invention 
described above, tWo recognition programs are used, spe 
ci?cally, the ?rst recognition program 1211 and the second 
recognition program 15a. HoWever, the present invention 
may also use three or more recognition programs to perform 
character recognition on the input text. 
Embodiments of the present invention can be used to 

recogniZe various characters, Without regard to the type of 
characters used. For example, the invention is not restricted 
to the recognition of typeWritten characters, and the present 
invention may also be used to recogniZe handwritten char 
acters as Well. 

As described hereinabove, the character recognition 
device in accordance With embodiments of the present 
invention uses a plurality of functions provided in separate 
character recognition methods When characters in the text 
image are recogniZed so that the text images that are read by 
an image scanner can be processed. The non-coinciding 
locations of the recognition results for these recognition 
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functions are extracted, the non-coinciding locations are 
designated and the recognition results of the characters are 
output. Therefore, the user can immediately see Which of the 
characters in the recognition results is erroneous so that the 
erroneously read characters can be checked. 

Although a feW preferred embodiments of the present 
invention have been shoWn and described, it Will be appre 
ciated by those skilled in the art that changes may be made 
in these embodiments Without departing from the principles 
and spirit of the invention, the scope of Which is de?ned in 
the claims and their equivalents. 
What is claimed is: 
1. A character recognition device to recogniZe characters 

in a captured text image, comprising: 
a ?rst recognition unit to recogniZe the characters in the 

text image using a ?rst character recognition algorithm; 
a second recognition unit to recogniZe the characters in 

the text image using a second character recognition 
algorithm different from the ?rst character recognition 
algorithm, Where each character recognition algorithm 
produces a ?rst and a second character recognition 
result, respectively, including recogniZed characters 
from the same text image; 

an extraction unit to extract a location from the different 
algorithm ?rst and second character recognition results 
Where character recognitions from the different algo 
rithm ?rst and second character recognition results do 
not coincide With each other, 
Wherein if the extracted non-coinciding location has a 

different number of recogniZed characters, to output 
at the extracted non-coinciding location recogniZed 
characters based upon either the ?rst character rec 
ognition result or the second character recognition 
result according to a prescribed standard, and 

Wherein if the extracted non-coinciding location has a 
same number of recogniZed characters, to output at 
the extracted non-coinciding location recogniZed 
characters With a higher evaluation value according 
to the ?rst and second character recognition results; 
and 

an output unit to output the recogniZed characters While 
designating the extracted non-coinciding location of 
the non-coinciding character recognitions by the ?rst 
and second character recognition algorithms. 

2. A character recognition device as recited in claim 1, 
Wherein the output unit contrasts the text image and the 
recogniZed characters. 

3. A character recognition device as recited in claim 1, 
further comprising: 

a display having a display screen to display the recog 
niZed characters, 

Wherein the output unit contrasts the text image and the 
recogniZed characters While displaying the recogniZed 
characters on the display screen, and displays a cursor 
in a display area of the recogniZed characters While 
displaying the text image in a format that designates a 
location of the text image coordinated at the position of 
the cursor. 

4. A character recognition device as recited in claim 1, 
Wherein the output unit further displays a symbol or a blank 
to designate the extracted non-coinciding location of the 
non-coinciding character recognitions by the ?rst and sec 
ond character recognition algorithms. 

5. A character recognition device as recited in claim 1, 
Wherein if the recogniZed characters With the higher evalu 
ation value are output for the extracted non-coinciding 
location that has the same number of recogniZed characters, 
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14 
the output unit further outputs the higher evaluation value 
recogniZed characters in an output format different from an 
output format of another non-coinciding location that has a 
different number of recogniZed characters. 

6. A character recognition device as recited in claim 1, 
Wherein if the recogniZed characters selected using the 
prescribed standard are output for the extracted non-coin 
ciding location With the different number of recogniZed 
characters, the output unit further outputs the prescribed 
standard selected recogniZed characters in a format different 
from an output format for a non-coinciding location. 

7. A character recognition device as recited in claim 1, 
Wherein the output unit further outputs the recogniZed 
characters in a format indicating that the different algorithm 
?rst and second character recognition results coincide but 
have a loW recognition reliability. 

8. A character recognition method to recogniZe characters 
in a captured text image, comprising: 

recogniZing characters in the text image using a ?rst 
character recognition algorithm; 

recogniZing characters in the text image using a second 
character recognition algorithm different from the pre 
scribed character recognition algorithm, Where each 
character recognition algorithm produces a ?rst and a 
second character recognition result, respectively, 
including recogniZed characters from the same text 
image; 

extracting a location from the different algorithm ?rst and 
second character recognition results Where character 
recognitions from the different algorithm ?rst and sec 
ond character recognition results do not coincide With 
each other, 
Wherein if the extracted non-coinciding location has a 

different number of recogniZed characters, to output 
at the extracted non-coinciding location recogniZed 
characters based upon either the ?rst character rec 
ognition result or the second character recognition 
result according to a prescribed standard, and 

Wherein if the extracted non-coinciding location has a 
same number of recogniZed characters, to output at 
the extracted non-coinciding location recogniZed 
characters With a higher evaluation value according 
to the ?rst and second character recognition results; 
and 

outputting the recogniZed characters While designating 
the extracted non-coinciding location of the non-coin 
ciding character recognitions by the ?rst and second 
character recognition algorithms. 

9. A computer readable medium encoded With processing 
instructions for implementing a method of recogniZing char 
acters in a captured text image according to a process 
comprising: 

recogniZing characters in the text image using a ?rst 
character recognition algorithm; 

recogniZing characters in the text image using a second 
character recognition algorithm different from the ?rst 
character recognition algorithm, Where each character 
recognition algorithm produces a ?rst and a second 
character recognition result, respectively, including 
recogniZed characters from the same text image; 

extracting a location from the different algorithm ?rst and 
second character recognition results Where character 
recognitions from the ?rst and second character recog 
nition results do not coincide With each other, 
Wherein if the extracted non-coinciding location has a 

different number of recogniZed characters, to output 
at the extracted non-coinciding location recogniZed 
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characters based upon either the ?rst character rec- from the plurality of different algorithm character 
ognition result or the second character recognition recognizers do riot coincide with each other, 
result according to a prescribed standard, and 

Wherein if the extracted non-coinciding location has a 
same number of recogniZed characters, to output at 5 
the extracted non-coinciding location recogniZed 
characters With a higher evaluation value according 

Wherein if the extracted non-coinciding location has 
a different number of recogniZed characters, to 
output at the extracted non-coinciding location 
recogniZed characters based upon one of the char 

to the ?rst and second character recognition results; aerer reeegnrrrerr results aeeerdrng re a Preseribed 
and standard, and 

output the recogniZed characters While designating the 10 wherein if the extracted non-coinciding location has 
extracted non-coinciding location of the non-coincid- a same number of recognized characters, to output 
mg eharaerer reeegrrlrlerls~ by the ?rst and Seeerrd at the extracted non-coinciding location recog 
eharaerer reeegnlrlerr ergerlrhms- niZed characters With a higher evaluation value 

10- An aPParatuS> Compnslng: according to the plurality of character recognition 
a lurali of different al orithm character reco niZers to 15 P g g 

recogniZe characters in a same text and to output a 
plurality of respective character recognition results; 

results; and 
outputting the recogniZed characters While designating 

the extracted non-coinciding location of the non 
and . . . . . . 

a programmed computer processor to control the appara- cemcldmg Character recognmons by_the Plurahty of 
ms according to a process Comprising: 20 dl?cerent algor1thm character recogmZers. 
extracting a location from the plurality of character 

recognition results Where character recognitions * * * * * 


